Introduction
Across the world, life expectancy is steadily increasing while the birth rate is dropping, leading to an ageing population. 1 Since age is the primary risk factor for many diseases, 2 understanding the mechanisms of ageing may allow us to reduce significantly the burden of disease and increase human healthspan. Arguably the most convincing theory of ageing is the mitochondrial free radical theory, 3 which postulates that the generation of reactive oxygen species (ROS) in mitochondria is an inevitable consequence of oxidative ATP production, and that the ROS are the primary cause of the macromolecular damage that accumulates to limit lifespan. However, it is agreed that the theory's explanation of ageing is incomplete. 4 For these reasons, fluorescent probes have been developed for detecting ROS, 5 and potential therapeutic antioxidants, particularly those which target the mitochondrion, 6, 7 are of increasing interest.
Here we introduce the new concept of functional molecules that are designed to sense ROS and respond by shutting down the biological processes leading to their production, rather than interacting directly with the ROS like conventional antioxidants. Importantly, the functional molecules would moderate such processes only when they were leading to the production of excess ROS that could not be effectively managed by the endogenous antioxidant system. Their selective and responsive nature should make them useful chemical biological tools for understanding the effects of ROS-generating processes on cellular damage and on lifespan. The advantage of using chemical biology, rather than molecular biology, would be that the functional molecules could be used in any cell line or organism in a dose-dependent and reversible way. Here we demonstrate the chemical reactivity of the first prototypes.
The electron transport chain in the mitochondrial inner membrane pumps protons out of the mitochondrial matrix to generate an electrochemical gradient of protons. Protons flowing back through ATP synthase, then convert the energy of the proton motive force into chemical energy in the form of ATP. There is evidence that when the potential across this membrane rises there is a substantial increase in ROS and many more evade capture by the defence system. 8, 9 Production of excess ROS involves generation of superoxide on the inside of the mitochondrial inner membrane by electron-leakage from complex I and complex III of the electron transport chain. 8, 10 Superoxide dismutase (SOD) rapidly converts this superoxide into hydrogen peroxide, which is uncharged at physiological pH and diffuses away from the matrix of the mitochondrion. In the event of the hydrogen peroxide coming into contact with iron(II) ions, hydroxyl radicals are produced that react with biomolecules at rates close to that of diffusion causing damage. Our prototype functional molecules are designed to sense hydrogen peroxide and respond by releasing a proton-translocator (uncoupler) that will allow protons to flow back across the mitochondrial inner membrane without passing through ATP synthase (uncoupling the electron transport chain from ATP production), 11 so reducing the membrane potential and stopping ROS production (Scheme 1 plausible explanation for this is that the para-quinone methide produced by fragmentation of the probe is predominantly trapped by hydrogen peroxide rather than water. 
Experimental Synthesis
All reactions under an inert atmosphere were carried out using oven dried or flame-dried glassware.
Solutions were added via syringe. Tetrahydrofuran and dichloromethane were dried where necessary using a solvent drying system, Puresolv TM , in which solvent is pushed from its storage container under low nitrogen pressure through two stainless steel columns containing activated alumina and copper. Acetone was dried over 4Å molecular sieves. Triethylamine was dried by distillation over calcium hydride and stored over potassium hydroxide. Reagents, including DNP 1,
were obtained from commercial suppliers and used without further purification unless otherwise stated. 1 H, 13 C and 19 F NMR spectra were obtained on a Bruker DPX/400 spectrometer operating at 400, 100 and 376 MHz respectively. All coupling constants are measured in Hz. DEPT was used to assign the signals in the 13 C NMR spectra as C, CH, CH 2 or CH 3 . Mass spectra (MS) were recorded on a Jeol JMS700 (MStation) spectrometer. Infra-red (IR) spectra were obtained on a Shimadzu FTIR-8400S spectrometer using attenuated total reflectance (ATR) so that the IR spectrum of the compound (solid or liquid) could be directly detected (thin layer) without any sample preparation. 
2-[4'-(4'',4'',5'',5''-Tetramethyl-1'',3'',2''-dioxaborolan-2''-yl)benzyloxy]tetrahydrofuran 13.
A solution of bromide 12 (12.00 g, 46.7 mmol) in anhydrous THF (130 mL) was cooled to -78 o C and degassed with argon for 15 min. Under argon, n BuLi (1.68 M in hexanes, 31.7 mL, 56.0 mmol) was added dropwise over 3 h and the mixture allowed to stir for 15 min. 2-Isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (11.4 mL, 56.0 mmol) was added dropwise and the resulting solution allowed to stir for 2 h. The reaction was quenched with H 2 O (100 mL) and the product extracted with DCM (3 × 100 mL). The organic layers were combined, washed with brine (100 mL), dried over MgSO 4 and concentrated under reduced pressure to give a yellow oil. Impurities were removed by Kugelrohr distillation leaving acetal 13 as the residual yellow oil, which solidified on standing (11.87 g, 84% 
